( 12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPER.ATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43| International Publication Date 
1 November 2001 (01.11.2001) 




PCT 





(10) International Publication Number 

wo 01/81799 Al 



(51) liiteniationul Patent Ctassific^itioir: 

H05K9/00 



FI6J 15/53, 



(21) International Application Number: PCTAJSO 1/02562 



(22) International Filing Date: 26 January 2001 (26.01.2001 ) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 
60/199,152 



Endish 



English 



24 April 2000 (24.04.2000) US 



(71) Applicant (for all designated States except US): INSTRU- 
MENT SPECIALTIES COMPANY, INC. [USAJS]; 
Shielding Way, P.O. Box 650, Delaware Water Gap, PA 
18327 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (/or 6.S<?/7/>>: CHANDRA, Satish 
[US/US]; Apt. 202, 600 Adams Avenue, Scranton, 
PA 18510 (US). CADI, Mohamed, Ait, El [FR/FR|; 
74, avenue du Mesnil, F-94210 Varenne (FR). 
DUCROS, Jean-Alec [FR/FR]; 2, rue des Pleus, F-77300 



Fontainebleau (FR). THIBEAU, Richard [US/US]; 28 
Mud Pond Road, Blairstown, NJ (US). 

(74) Agent: LEVY, Gerald; Pimey, Hardin, Kipp & Szuch 
LLP, 71 1 Third Avenue, New York. NY 10017-4014 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT AU, 

A2, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU. CZ, 
DE, DK, DM, DZ, EE, ES, R, GB, GD, GE, GH, GM, MR, 
KU, ED, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK. LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, FT, RO, RU, SIX SE, SG. SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW, 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BE BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
f^i^g of each regular issue of the PCT Gazette. 



(54) Title: CONDUCTIVE GASKET AND MATCRIAL THEREFOR 



< 

ON 



00 



O 





%1 



(57) Abstract: A conductive gasket and a paste for the electrical 
industry based on at least one elastomer (10) and on an admixture 
of coiiduclive pariicies in the form of fibers (20), in which the 
fibers (20) are tlexible and have been embedded in the elastomer 
(10) in random orieniation and with formation of a large number 
of contact p4)ints between fibers. 



wo 01/81799 



PC T/ui>(HyUi56i 



CONDUCTIVE GASKET AND MATERIAL THEREFOR 

Background of the Invention 

The invention relates to gaskets having electrically conductive properties 
for use in shielding the emission of electromagnetic waves from electronic devices and to 
5 a conductive paste for use in the electrical industry that can be used to form such gaskets. 

Conventional electrically conductive shielding gaskets can be formed with 
glass spheres and pure metallic powders and can be used for shielding at input/output (I/O) 
panels in electronic devices such as computers, to prevent leakage of electromagnetic 
waves and radio frequency interference (RFl). Gaskets can be formed with a foam inner 
1 0 body and conductive fabric disposed around the foam inner body. Others are formed of 
conductive polymers and conductive elastomers or with foam bodies coated with 
conductive elastomer or polymer materials. For many fine detailed operations, it is 
advantages to provide the gasket material in paste form. 

Materials of this type are widely used and are required by a wide variety of 
15 applications. They have gained particular importance, for example, in connection with the 
sealing of electromagnetically shielded housings in electronic devices which emit 
electromagnetic radiation or can be distxirbed by electromagnetic radiation penetrating 
from outside. To give EMI (electromagnetic interference) shielding or, respectively, RFI 
(radio frequency interference) shielding, and to improve electromagnetic compatibility 
20 (EMC), the housings are produced from a material which is electrically conducting or has 
been coated with an electrical conductor. It is known that gaskets made from an 
electrically conductive flexible material can be used so that the region of the joints at 
which the parts of the housing are joined together is also given shielding. 

An example of a material of this type is known from US 4,01 1,360, the 
25 contents of which are incorporated by reference. This known material is based on an 
aiostomer, specifically a silicone rubber material, which has an admixture of electrically 
conducting particles therein. This material polymerizes (cures) when exposed to 
atmospheric moisture at room temperature. 

DE 43 19 965 C2, the contents of which are incorporated herein by 
30 reference discloses the use of a material of this type for producing the housings described 
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above. The material is extruded as a strand of paste directly in the region of the joint onto 
one of the parts of the housing, and is cured there to form the gasket. This process is also 
known by the skilled worker as the formed-in-place-gasket process. 

Existing gaskets, such as formed-in-place gaskets lack sufficient flexibility 
5 for certain applications. Others, can lack sufficient EMI shielding properties. Still others 
are difficult to use. Accordingly, it is desirable to provide an improved conductive 
shielding gasket and a paste for forming a gasket in place, which overcomes drawbacks of 
the prior art. 

Summary of the Invention 

1 0 The invention is based on the concept of using conductive particles in the 

form of fibers which are flexible. These are admixed in random orientation with the 
elastomer in a way which produces a large number of contact points. The embedding of 
the fibers in the elastomer therefore takes the form of an irregular three-dimensional 
matrix. The contact points ensure ideal and statistically random distribution conductivity 

1 5 within the material. 

Depending on the nature of the fibers used, one preferred embodiment 
allows the selected proportion of fibers to be less than 50%, based on the total volume of 
the material. It is preferably possible to reduce the proportion of fibers to less than 25% by 
volume. Compared with materials previously available, this gives a significant 
20 improvement in mechanical properties, in particular in the flexibility of the polymerized 
final product, which is moreover very inexpensive. 

It is preferable for the fibers used to have a diameter/length ratio of more 
than 2. Ideal results can be achieved if the diameter/length ratio is more than 10 and even 
more than 50. The shape of fibers of this type makes them highly flexible, and they 
25 therefore give an ideal result with regard to the mechanical properties of the final product. 

An embodiment further optimized in this respect provides for the use of 
fibers with a diameter of less than 0. 1 mm. These extremely thin fibers can be embedded 
into the elastomer in an ideal manner, such that the embedded fibers have virtually no 
adverse effect on the flexibility of the elastomer. 
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It is also possible to design the material in a manner known as a two- or 
multicomponent material such as reactive materials in which a cure agent is mixed with a 
polymerizable or otherwise curable resin. The two components are not mixed until 
immediately prior to processing. This method can give a ver>' inexpensive material which 
is easy to process. 

Depending on the application, the material selected may be one which 
polymerizes (cures) at room temperature. On the other hand it is also possible to provide a 
material which polymerizes on exposure to heat, so that the polymerization procedure can 
be controlled by controlling temperature. This is of particular importance with a view to 
automated mass production. 

The foraiulation of the material is preferably such that it has low viscosity. 
It is therefore particularly suitable for forming an electrically shielding gasket for a 
housing, the material for the gasket being applied in the form of a strand directly in the 
region of a joint of a housing. Typical applications for a material of this type are the 
formation of a gasket for a mobile telephone housing or the like. However, the viscosity 
should not be too low, or it will nm and not stay in place until cured. Typical strands of 
paste and gaskets formed therefrom can be about 1-5 mm wide. In other embodiments of 
the invention, the strand can be wider or thinner than this range. 

It is also possible to design a material with high viscosity, for example in 
order to produce sealing elements in the form of sealing strips, sealing pads, sealing tubes 
or 0-rings, by injection molding or extrusion. 

One specific example of an application provides for the use of the 
conductive paste for producing a flexible gasket for an electromagnetically shielded 
housing. A paste of the material is applied by means of a path-controlled nozzle directly to 
a part of the housing in the region where the housing has a joint to be sealed. The nozzle is 
moved over the part of the housing by means of computer-controlled metering equipment 
while the plastics material is being discharged. The velocity of relative movement of the 
nozzle and the part of the housing is determined by the viscosity of the paste, the amount 
and velocity of the paste emerging from the nozzle, the cross-sectional area of the nozzle 
passage, the desired cross-sectional profile of the gasket to be produced and the makeup of 
the material. 



The strand made from the paste and dispensed in this way polymerizes 
under ambient conditions at room temperature. This procedure takes a relatively long time, 
but can be accelerated by conu-olled exposure to heat or through the use of catalysts or 
accelerators. 

The present invention provides a material of the type which can be used as 
an EMI gasket. The material provided should have improved mechanical properties and 
moreover be inexpensive, in order for example to open up even those application sectors 
in which economic reasons have hitherto prevented the use of large elastomer gaskets. 

Accordingly, it is an object of the invention to produce a gasket and 
materials for producing the gasket which are highly conductive, highly flexible and easy to 
use. 

Brief Description of the Drawings 

The invention is further described below using the example shown 
diagrammatically in the figures. 

Fig. I is a cross sectional view of a strand of paste which can be used to 
form gasket material in accordance v^th preferred embodiments of the invention; 

Fig. 2 shews the gasket strand of Fig. I after deformation; 

Fig. 3 shows a cross sectional view of a strand of conventional gasket 

material; and 

Fig. 4 shows the gasket strand of Fig. 3 after deformation. 
Detailed D escription of the Preferred Embodimentjs 

An elastomeric material containing conductive particles or fibers and 
method of formation is provided for use as low impedance gasket materials including 
electromagnetic interference (EMI) gaskets formed from the materials. The particles can 
be formed from Teflon'^, nylon, acrylics, polyesters and other polymer fibers which can be 
plated, coated or otherwise covered or embedded with conductive material or otherwise 
rendered conductive, so as to yield highly flexible electrically conductive additives which 
can be used in the formation of electrically conductive gasket material. 



In a preferred embodiment of the invention, the particles are in the nature 
of fibers of the above materials, coated or plated with electrically conductive materials. 
One way of rendering the particles electrically conductive is through an electroplating 
process to provide the particles with a metal surface covering and thereby provide a highly 
electrically conductive surface on the flexible particles. Suitable metals include silver, 
copper, nickel or alloys of silver, copper and/or nickel, as well as other combinations and 
materials which provide low impedance surfaces for the particles. By way of nonlimiting 
example, preferred particles are in the range of about 10 to 100 microns in average 
diameter with a length of 20 microns to 1000 microns. In certain embodiments of the 
invention, the lengths and diameters of the particles could be higher or lower than this 
range. In other embodiments of the invention the length of the fibers can advantageously 
range from about 30 microns to even several centimeters in length. Preferred particles 
should also have a low specific gravity to ensure that they do not settle out of a paste 
before curing, preferably ranging fi^om about 1.15 to 1.5. 

The conductive particles can be combined with compatible elastomeric 
compounds and formed into appropriate shielding material. Suitable elastomers include 
compatible silicones, foamed and unfoamed fluoropolymers, EPDM (ethylene-propylene- 
diene monomer) neoprene, SANTOPRENE™ and other elastomeric materials which are 
suitably combined with conductive particles/fibers as described herein for use as shielding 
gaskets as described herein. The conductive particle portion of the elastomeric material is 
advantageously from about 5% to 50% by weight of the elastomer/compound 
combination. 

One advantageous feature of the conductive shield (gasket) is to provide 
suitable distribution of the conductive particle fibers, so that sufficient conductive material 
is present at the surface of the gasket, to provide low impedance and high shielding. It is 
also important for die particles to be in contact with each other to transmit current fi-om 
one surface to the other. Thus a large percentage of the particles must be in contact witli 
other particles to present a continuous network of conductive particles fi-om sxirface to 
surface. 



The paste (uncured material) can be used in compression molding, injection 
molding and extrusion processes to form preformed gaskets, sleeves, strips, o-rings, tubes 
and other images. 

Electrically conductive particles have exhibited various shapes. Particles 
frequently encountered in conventional gaskets have the shape of flakes, spheres, 
irregularly shaped bodies or fibers. In the simplest case, the particles are manufactured 
directly from conductive material. It is moreover possible to prepare particles from 
nonconductive materials and then to cover or coat these with conductive material. It has 
been determined that these particles reduce the elasticity of the cured final product. The 
elasticity here is given solely by the elastomer into which the particles have been 
embedded. Forming the particles as flexible fiber strands can therefore yield highly 
flexible conductive gaskets. 

To achieve good conductivity it has generally been necessary to provide 
more than 50% by volume of conductive particles to ensure the required contact of the 
particles with one another. The resultant proportion of elastomer has been comparatively 
small. It has been detemiined that this also leads to a rigid final product with 
disadvantageous mechanical properties and high cost. 

Fig. 3, for comparison, shows a section of a strand 1 which is composed 
of an elastomer 10' and of an admixture of conductive particles 20'. The conductive 
particles 20' have been packed tightly within the elastomer 10' in order to ensure the 
required good electrical conductivity via a large number of contact points. The proportion 
of the particles 20' by volume, based on the total volume, is about 80%. 

In Fig. 4, for comparison, the strand 1 ' has been exposed to a force F, as 
arises in practice for example at a joint of a housing. The deformation shown 
diagrammatically is possible only if each of the particles 20' can be displaced to the side. 
Otherwise deformation is possible only to a very small extent, specifically until the 
particles 20' have their maximum close-packed density. It has been determined that this 
can be improved by using less particles, but making the particles in the form of longer, 
flexible, conductive strands. 
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Figs. 1 and 2 show a strand 1 according to preferred embodiments of the 
invention. A large number of long, thin, flexible fibers 20 have been embedded in the 
elastomer material 10. They have random orientation, and the fibers 20 contact one 
another at a large number of contact points to form a conductive network. Even without 
deformation, this ensures electrical conductivity, as indicated in Fig. 1 . 

It can be seen directly from Fig. 2 that relatively problem-free deformation 
can occur on exposure to a force F. In this case the flexibility of the strand I is almost 
exclusively a function of the flexibility of the elastomer, since the proportion by volume of 
the fibers 20 is less than 50%. The fibers 20 provide only slight hindrance to the 
deformation of the strand 1 . 

There is substantial freedom in the choice of fibers 20. It is preferable to 
use extremely thin fibers which are relatively long and have a cross section of less than 
0. 1 nun. The length is at least twice the diameter, but the full effect, of the advantage 
achievable is not seen until very much longer fibers are used, such as these in which the 
length is 10, 50 and even more than 50 times the diameter. The diameter data above 
should not be understood as a restriction implying that the only fibers which can be used 
are those with approximately circular cross-section. Rather, the cross-sectional shapes 
which may be used include others, and may per se be as desired. Diameter should be 
imderstood to refer to the average cross sectional side to side distance regardless whether 
the particle has a round cross section. 

The fibers 20 may be composed of the materials commonly used for 
particles of this type, including, for example, naturally occurring materials. If the starting 
material for the fibers is nonconducting, the fibers are covered or coated with conductive 
material. 

The strand 1 shown in Figs. 1 and 2 has thus been permeated by a type of 
three-dimensional matrix of fibers 20, and the distribution of the fibers 20 and their 
contact points with one another, determined statistically over the cross section, is at least 
approximately constant. 

It is apparent from the above that it is possible to form a conductive paste 
and an EMI shielding gasket from such paste, which has ideal mechanical and electrical 



properties and is also inexpensive. It is relatively easy here to achieve the desired 
processing properties, in particular via suitable choice of the elastomer, which may also be 
in the form of a two- or multicomponent material. 



8 



wo 01/81799 PCl/US>0Jy02X,> 



5 



Claims 



What is claimed is: 



1. A conductive paste, comprising: ai least one elastomeric material and a 
plurality of conductive particles in the form of elongated fibers, wherein the fibers arc 
flexible and are substantially uniformly distributed in the elastomeric maierial m random 
orientation and with formation of a large number of contact points between contacting 
fibers. 

2. The paste as claimed in claim K wherein the proportion of fibers, based on 
. the total volume of the paste, is less than 50% by volume. 

3. The paste as claimed in claim 1 wherein the proportion of fibers is less than 
25% by volume of the total volume of the paste. 

4. The paste as claimed in claim K wherein the fibers have a length:diameter 
ratio of more than 2. 

5. The paste as claimed in claim 1, wherein the fibers have a length:diameier 
15 ratio of more than 10. 

6. The paste as claimed in claim 1 , wherein the fibers have a length:diameter 
ratio of more than 50. 

7. The paste as claimed in claim 5, wherein the fibers have a diameter less 
than about 0. 1 mm. 

8. The paste as claimed in claim 1. wherein the paste is composed of two or 
more components which cure immediately after they are combined. 

9. The paste as claimed in claim 1, wherein the paste comprises monomers 
which polymerize at room temperature. 

10. The paste as claimed in any of claim 1, wherein the paste comprises 
25 monomers which polymerizes on e.xposure to heat. 

1 1. The paste as claimed in claim 1, wherein the paste has a sufficiently low- 
viscosity to be applied in the form of a strand about 1-5 mm wide, directly in the region of 
a joint, to form an electrically shielding gasket for a housing. 
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12. The paste as claimed in claim 1, wherein the paste has a sufficiently high 
viscosity to be moldable by injection molding or extrusion to provide a sealing element. 

13. The paste of claim 1, wherein the fibers comprise metal covered polymer 

fibers. 

5 14: The paste of claim 1, wherein the elastomer comprises a silicone based 

elastomer. 

15. A conductive EMI shielding gasket having a top and a bottom surface, 
comprising an elastomeric binder having elongated and flexible electrically conductive 
fibers substantially evenly distributed therein and substantially each fiber is in contact with 

10 another fiber to provide a conductive network of fibers from the top surface to the bottom 
surface of the gasket. 

16. The gasket of claim 15, wherein the binder comprises a silicone based 
elastomer. 

1 7. The gasket of claim 1 5, constructed for use in a cellular phone. 

15 18. The . gasket of claim 15, wherein the fibers are metal covered polymer 

fibers. 

19, The gasket of claim 15, wherein the fibers have a length to diameter ratio of 
over about 10. 

20. A method of forming a gasket, comprising depositing a gasket shaped 
20 strand of a curable paste of elastomeric material having flexible conductive fibers evenly 

distributed therein and permitting the paste to cure. 
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